Climate change is affecting terrestrial and maritime ecosystems of Mono transboundary biosphere reserve and the whole Togolese coast. This research focuses both on the dynamics of the barrier beach and on spatial and temporal changes that affected the ocean coastline and its adjacent Lake Togo and Lake Boko during the period 1988-2018. The methodological approach adopted is based on a combination of optical and radar remote sensing. As results, the Lake Togo widened on average by 1.55 m/year while the coastline of the Lake Boko shrank by 1.25 m/year. For the coastline of the Ocean, the regression ranged from 1.66 to 5.25 m/year. The barrier beach experienced an average immersion of 9.25 ha/year. Predictions on the basis of the average rate of immersion of the barrier beach of 9.25 ha/year showed that the latter is exposed to a continuous immersion hazard that would affect more than 7% of its current area (6557.33 ha) by the year 2070.
Introduction
Climate change is one of the major environmental challenges of 21st century. In West Africa, the dependence on natural resources by the majority of the population contributes to modifying the ecological equilibrium of many ecosystems [1] .
West Africa is one of the areas severely affected by climate change [2] . As consequence, West African coasts experienced several landform changes due to climatic variations, demographic change, and social and economic transformations. The most notable changes are coastal erosions [2] [3] .
The Togolese barrier beach is affected by the phenomenon of coastal erosion.
Due to its geographic location between the Atlantic Ocean and Lake Togo in the south of the Mono transboundary biosphere reserve, it offers several touristic, economic, cultural, social and scientific services to only name few [4] [5] . For this reason, the barrier beach is privileged and coveted.
Despite all these services, the barrier beach faces many challenges such as urban expansion, elevation of sea level and the flooding of Lake Togo. The intensification of these phenomena weakens the functioning of ecosystems and hinders the conservation and the sustainable management of the barrier beach of the Mono transboundary biosphere reserve. Facing the rapid deterioration of the barrier beach and the exposure of human beings and their assets, there is a need for a strategic planning tool to guide decision makers for next decades. This study, based on the remote sensing, tools, searches for information not only on the dynamics of the barrier beach and its resources, but also on monitoring spatial changes that occurred on the coastline of the Ocean, Lake Togo and Lake Boko which are contiguous.
Tools including spatial remote sensing optical and radar satellite images are the preferred means for discrimination and monitoring of landscape features [6] . They are also the ideal means for forecasting, monitoring and analyzing damages [7] [8] .
Consequently, it is sound to seek the contribution of these tools in understanding the barrier beach changes. To that end, a first step will consist of characterizing the landscape of the area, followed by the study of the dynamics of the barrier beach and its resources before studying finally the kinematics of the coastline of the Ocean, Lake Togo and Lake Boko.
Materials and Methods

Study Area
The transboundary biosphere reserve of the Mono Delta is located in the south of Togo and Benin. It has been officially recognized by the UNESCO "Man and
Biosphere" program in 2017 [9] . It helps to insure, through cooperation between concerned countries, the protection and management of transboundary ecosystems. The reserve is characterized by lake, coast, lagoon, swamp and forest areas, with a diversity in species important at national, regional and international levels. [4] . The population of the barrier beach of the reserve is estimated at 82,724 inhabitants [13] .
Data Used
The data used in this study come from optical satellite images (Landsat TM, 
Pre-Processing of Optical Data
All the optical images have been pre-processed under the SNAP (Sentinel Application Platform) software [14] . Firstly, the optical images were geo-referenced from GPS field surveys and JICA topographic data, under the UTM projection, according to the World Geodetic System, WGS 84, UTM 31North. Subsequently, pretreatments focused on resampling and contrast enhancement operations. The resampling allowed to reduce to 15 m, the spatial resolution of Landsat and Sentinel image bands in order to make their overly possible. The contrast enhancement allowed the rebalancing of color tones and harmonization of histograms of the scenes. The normalized difference water index (NDWI) [15] was used to improve the discrimination of aquatic and terrestrial areas. NDWI is computed according to the Equation (1) 
Visual Interpretation of Satellite Images
It was possible to extract information on the forms of land uses thanks to the Color composition of optical images, NDWI index, VV and VH averaged images, averaged color composition images and the images from the report (VV/VH) at full spatial resolution. The nomenclature used by JICA was adopted with some modification. The different forms of land use were then confirmed by field surveys and Google Earth images. The set of land use units discriminated on optical and radar images allowed the definition of an interpretation key for the classification of optical images.
Optical Images Classification
Firstly, the interpretation key allowed the definition of training zones and the creation of region of interest ROIs (land occupation classes). Subsequently, the supervised classification method with the Support Vector Machine (SVM) algorithm was adopted after statistical computation of means and standard deviations for image bands. This algorithm has been adopted for its efficiency in classifying complex landscapes and producing good results [17] . It also performs 
Classification Control
The validation of the classification was carried out through 100 control points randomly selected and distinct from the ROIs at the rate of 20 points per land use class. The control was carried out by field visits. From confrontations of the results with ground truth, the matrix of confusion, the Kappa Indices (K) and also the global precision for the years 1988, 2000 and 2018 were computed. According to the scale of Landis and Koch [20] , the classification is said excellent if K is greater than 0.8, good if K is between 0.8 and 0.6, moderate when K ranges from 0.6 to 0.2 and bad when K is less than 0.2. Shapefile and area of each landuse/landcover were obtained from the vectorization of the classified images.
Spatial-Temporal Dynamics of the Barrier Beach and Its Resources
Dynamics of the barrier beach landuse units were evaluated through the difference in area (ΔS) between the second date (D 2 ) and the first date (D 1 ) images; and the annual rate of change (T annual ) in hectare per year was obtained by the Equation (2).
Shoreline Kinematics
The 
Results
The showed that 87 out of the 100 randomly selected points were accurately assigned to their actual landuse. This generated an overall accuracy of 87% and a Kappa index of 84% (Table 1) .
Spatial and Temporal Dynamics of the Barrier Beach and Its Resources
In 1988, the barrier beach was characterized by five (5) land-use units. These were urban structures and crops (70.45%), swamps (25.93%), cordon of dunes (2.05%), body of water (0.81%) and the forest (0.76%). for the forest class, only one forest has been identified, this is the forest of Asseve.
From 1988 to 2018, the area of urban structures and crops increased while the area of other landuses significantly decreased ( Figure 3 and Table 2 ). The average annual landuse change ranged from −15.60 ha for swamps to 7.84 ha for urbans and crops. As general the global annual change is negative and is about −9.25 ha (Table 2 ) indicating a reduction of the total area of the barrier beach.
Predictions based on the average sinking rate of the barrier beach of 9.25 ha/year showed that it is exposed to a continual risk of immersion which may affect 
Kinematics of the Shoreline
Analyzes show that over time, the shoreline has changed substantially by sector ( Figure 4 ). These variations are expressed in the first place by erosion phenomena.
An in-depth analysis of changes using the EPR method allowed to draw Table   3 . A positive evolution rate means an accretion whereas a negative rate represents an erosion. It follows from Table 3 
Spatial-Temporal Dynamics of Lake Togo and Lake Boko
Lake Togo and Lake Boko have undergone profound changes from 1988 to 2018. ha/year for lake Togo and a regressive dynamics of 2.75 ha/year for Lake Boko.
There was also a loss in area of 82.35 ha for Lake Boko and a gain of 201.73 ha for Lake Togo over the period 1988-2018. The corresponding average erosion rate for the banks of Lake Togo is 1.55 m/year. For Lake Boko, the mean accretion rate of the banks is 1.25 m/year (Table 4) . It is important to emphasize that the mutations observed do not occur systematically along the banks but were localized.
Discussions
The present study was based on multi-source satellite images of different spatial resolutions. Despite the efforts made to improve the visual interpretation of the images, it was found that the 30 m resolution Landsat TM and ETM + images do Open Access Library Journal years of identified land use were due to climate changes and human pressure resulting from the population increase and agricultural practices. Indeed, the study area remains one of the densely populated areas of the national territory which leads to overexploitation of land for housing and agricultural practices [23] .
The regressive dynamics of 9.25 ha/year observed on the barrier beach remains a concern. The current context of climate change increases exposure of human beings and their structures to immersion and damages. Predictions based on the average sinking rate of the barrier beach of 9.25 ha/year showed that it is exposed to a continual risk of immersion which may affect more than 7% of its surface area in the 2070s. It is worth highlighting however that this is just a projection from the historical trend and therefore the actual decrease may be higher 
Conclusion
This study has contributed to spatial-temporal monitoring of 1) the barrier beach and its resources, 2) Lake Togo and Lake Boko and 3) the coastline of the 
